INTRODUCTION
The connecting rods subjected to a complex state of loading. It undergoes high cyclic loads of the order of 10 8 to 10 9 cycles, which range from high compressive loads due to combustion, to high tensile loads due to inertia. Therefore, durability of this component is of critical importance. Due to these factors, the connecting rod has been the topic of research for different aspects such as production technology, materials, performance simulation, fatigue etc. For the current study, it was necessary to investigate finite element modeling techniques, optimization techniques, developments in production technology, new materials, fatigue modeling and manufacturing cost analysis.
Webster et al. (1983) performed three dimensional finite element analysis of a high-speed diesel engine connecting rod. For this analysis they used the maximum compressive load which was measured experimentally, and the maximum tensile load which is essentially the inertia load of the piston assembly mass. The load distributions on the piston pin end and crank end were determined experimentally. They modeled the connecting rod cap separately, and also modeled the bolt pretension using beam elements and multi point constraint equations.
Sarihan and Song (1990), for the optimization of the wrist pin end, used a fatigue load cycle consisting of compressive gas load corresponding to maximum torque and tensile load corresponding to maximum inertia load. Evidently, they used the maximum loads in the whole operating range of the engine. To design for fatigue, modified Goodman equation with alternating octahedral shear stress and mean octahedral shear stress was used. For optimization, they generated an approximate design surface, and performed optimization of this design surface. The objective and constraint functions were updated to obtain precise values. This process was repeated till convergence was achieved. They also included constraints to avoid fretting fatigue. The mean and the alternating components of the stress were calculated using maximum and minimum values of octahedral shear stress. Their exercise reduced the connecting rod weight by nearly 27%. Pai (1996) presented an approach to optimize shape of connecting rod subjected to a load cycle, consisting of the inertia load deducted from gas load as one extreme and peak inertia load exerted by the piston assembly mass as the other extreme, with fatigue life constraint. Fatigue life defined as the sum of the crack initiation and crack growth lives, was obtained using fracture mechanics principles. The approach used finite element routine to first calculate the displacements and stresses in the rod; these were then used in a separate routine to calculate the total life. The stresses and the life were used in an optimization routine to evaluate the objective function and constraints. The new search direction was determined using finite difference approximation with design sensitivity analysis. The author was able to reduce the weight by 28%, when compared with the original component.
Sonsino and Esper (1994) have discussed the fatigue design of sintered connecting rods. They did not perform optimization of the connecting rod. They performed preliminary FEA followed by production of a prototype. Fatigue tests and experimental stress analysis were performed on this prototype based on the results of which they proposed a final shape. In order to verify that design was sufficient for fatigue, they computed the allowable stress amplitude at critical locations, taking the ratio, the stress concentrations and statistical safety factors into account and ensure that maximum stress amplitudes were below the allowable stress amplitude. For their optimization study, Serag et al. (1989) developed approximate mathematical formulae to define connecting rod weight and cost as objective functions and also the constraints. The optimization was achieved using a Geometric Programming technique. Constraints were imposed on the compression stress, the bearing pressure at the crank and the piston pin ends. Fatigue was not addressed. The cost function was expressed in some exponential form with the geometric parameters.
Athavale and Sajanpawar (1991) modeled the inertia load in their finite element model. An interface software was developed to apply the acceleration load to elements on the connecting rod depending upon their location, since acceleration varies in magnitude and direction with location on the connecting rod. They fixed the ends of the connecting rod, to determine the deflection and stresses. This, however, may not be representative of the pin joints that exist in the connecting rod. The results of the detailed analysis were not discussed, rather, only the modeling technique was discussed. The connecting rod was separately analyzed for the tensile load due to the piston assembly mass (piston inertia), and for the compressive load due to the gas pressure. The effect of inertia load due to the connecting rod, mentioned above, was analyzed separately.
In a published SAE case study (1997), a replacement connecting rod with 14% weight savings was designed by removing material from areas that showed high factor of safety. Factor of safety with respect to fatigue strength was obtained by performing FEA with applied loads including bolt tightening load, piston pin interference load, compressive gas load and tensile inertia load. The study lays down certain guidelines regarding the use of the fatigue limit of the material and its reduction by a certain factor to account for the asforged surface. The study also indicates that buckling and bending stiffness are important design factors that must be taken into account during the design process. On the basis of the stress and strain measurements performed on the connecting rod, close agreement was found with loads predicted by inertia theory. The study also concludes that stresses due to bending loads are substantial and should always be taken into account during any design exercise.
II. PROBLEM FORMULATION
For the analysis of I.C.Engine connecting rod the most critical area is considered and accordingly the two dimensional model of connecting rod is formed. The different dimensions of the connecting rod is shown in the figure (1) below. Three loads, 69kg, 85kg and 99kg were applied at one end i.e, small end and the big end is kept fixed. The stresses calculated theoretically and found out numerically were compared experimentally by Photoelasticity. i) material fringe value(F σ ) = 14.55N/mm ii)
Model thickness(h) = 6mm iii)
Maximum principal stress(σ 1 ) = NF σ /h N/mm 
III. PHOTOELASTIC INVESTIGATION OF I.C.ENGINE CONNECTING ROD
The photoelastic model with above mentioned specification is prepared from Araldite AY103 with hardner HY951. The standard transmission polariscope (photograph 1) is used for the investigation.
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. The calibration of photoelastic material is carried out using standard specimen of circular disc subjected to diametral compression [photograph 2].
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The photograph (3) shows the fringes developed in the connecting rod at small and big ends
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The photograph (4) shows the fringes developed in the connecting rod at big end.
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The photograph (5) shows the fringes developed in the connecting rod at the small end.
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IV.
OBSERVATION 
VI. FINITE ELEMENT ANALYSIS OF I.C.ENGINE CONNECTING ROD
For the finite element analysis three different loads i.e.,69kg= 677N, 85kg= 834N, 99kg= 971N are used. . For the analysis triangular plate element with six degrees of freedom per node is considered. The analysis is carried out using Pro/E Wildfire 4.0 and ANSYS WORKBENCH 11.0 software. The normal load is applied at the small end of connecting rod keeping big end fixed 
VIII. COMPARISON OF RESULTS
The connecting rod is analyzed by three methods i.e., i) Experimental method (Photoelasticity 
X. DISCUSSION AND CONCLUSION
From the theoretical , Finite Element Analysis and Photoelastic Analysis it is found that i) The stresses induced in the small end of the connecting rod are greater than the stresses induced at the big end. ii)
Form the photoelastic analysis(from the fringe developed in the photoelastic model of connecting rod) it is found that the stress concentration effect exist at both small end and big end and it is negligible in the middle portion of the connecting rod. iii) Therefore, the chances of failure of the connecting rod may be at fillet section of both end.
